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(54) Battery system and electric vehicle using the battery system 



(57) A battery system includes a fc)attery assembly 
(Bat) including a plurality of modules (Md). which is con- 
trolled by a system control circuit (SYC). each module 
including a module control circuit (MC) and a module 
by-pass circuit (R, Q) which is controlled via the module 
control circuit (MC) so as to sippress the charging vari- 
ation among the plurality of modules (Md); wherein 
each control circuit (MC) and the system-controlling cir- 
cuit (SYC) is connected to each other with a bilateral 
transmission means (SCD). and each nrvxiule by-pass 
circidt (R, Q) is controlled based on information bilater- 
ally transmitted between each module control circuit 
(MC) and the system control circuit (SYC) via the Wlat- 
eral transmission means (SCD). 
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Description 

BACKGROUND OF THE INVENTION 

[0CK)1] The present invention relates to a battery sys- s 
tern, and especially to a battery system conposed of a 
plurality of lithium battery modules connected to each 
other, which is used in an electric vehicle. 
[0002] The lithium battery has recently become known 
as a light-weight, high power-density battery with a io 
large capacity, which is suitable for an electric vehicle. 
However, since lithium batteries have a low tolerance 
level against over-charging and over-discharging, the 
misuse of a lithium battery may cause a fire or an explo- 
sion. Therefore, it is necessary to monitor and control is 
the terminal voHage of a lithium battery 
[0(K)3] A conventional battery system composed of a 
plurality of modules serially connected to each other, 
each module including cell batteries serially connected 
to each other is disclosed, for example in a paper 20 
"Advanced Battery System for Electric Vehicle." EVS- 
13, Osaka. Japan. Each module is controlled by a cell 
controller. A by-pass circuit is provided in each cell, and 
the cell controller controls each module so that any 
charging variation among the cells in each module is 25 
suppressed. The total battery system is controlled by a 
battery controller, and each cell controller sends signals 
to the battery controller. 

[DCH)4] As mentioned above, although the conven- 
tional battery system controls the charging-balance 30 
among the cells In each module, the system does not 
take the charging variation among the modules into 
consideration. However, in a battery system composed 
of many modules serially connected to each other, if 
there is a charging variation among the modules, the 35 
terminal voltage of only some of the modules attains the 
rated terminal voltage, and the terminal voltage of the 
rest remains under the rated terminal voltage. Accord- 
ingly, the full capacity of the battery system cannot be 
achieved. Furthernrtore, if there exists a charging varia- 4o 
tion among the modules, it also causes the variation in 
the length of their life cycles. 

SUMMARY OF THE INVENTION 

45 

[0005] An object of the present invention is to sup- 
press the charging variation among modules. 
[0006] The above object is attained by providing a by- 
pass circuit in each module and controlling the by-pass 
circuit via a module-controlling circuit Furthermore, the so 
charging variation among the modules is reduced by 
controlling each by-pass circuit based on information 
bilaterally transmitted between each module-controlling 
circuit and a system-controlling circuit 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 

Rg. 1 shows a schematic conposition of a battery 
system of an embodiment according to the present 
invention. 

Rg. 2 shows a schematic conposition of a battery 
system of another embodiment according to the 
present invention. 

Rg. 3 is a main flow chart of a software program 
executed in the embodiments according to the 
present invention. 

Rg. 4 Is a flow chart of a subroutine SUB1 executed 

in the program shown in Rg. 3. 

Rg. 5 Is a flow chart of a subroutine SUB2 executed 

in the software shown in Rg. 3. 

IRg. 6 shows the conposition of a hybrid electric 

vehicle of still another embodiment accorcfing to the 

present invention. 

Rg. 7 is a simplified diagram showing an exanple 
of the composition of a battery system according to 
the present invention. 

Rg. 8 is a diagram showing an example of the com- 
position of a battery module used in the battery sys- 
tem according to the present invention: 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0008] To begin with, respective examples of an elec- 
tric vehicle and a battery system used in a hybrid elec- 
tric vehicle (HEV) are explained below with reference to 
Rg. 6 and Rg. 7. Rg. 6 shows the composition of a 
hybrid electric vehide. reference synt)ols Car and SH 
indicate the body of the electric car and the steering 
wheel, respectively. Moreover, reference symtxDis ShF 
and ShB indicate front and back seats. Reference sym- 
bol Bat indicates a battery assent>ly conposed of mod- 
ules Md1 - Mdn (only six modules Mdl - Md6 are shown 
in Rg. 6.) Also, each module Is composed of a plurality 
of battery cells (hereafter referred to as cells.) Refer- 
ence symbol Eng indicates an engine, and the energy 
generated in this engine rotates wheels and generates 
power by driving a generator Gen at the same time. Fur- 
thenmore. the battery assembly Bat is charged by the 
generated power via a charger Cha. Also, a capacitor 
Co is connected to the battery assembly Bat in parallel, 
and the energy accumulated in the battery assembly 
Bat rotates the wheels HL by cb-iving a motor generator 
MG via an inverter Inv. Furthermore, the motor genera- 
tor MG is driven by the wheels HL during a braking 
operation, and the power generated by the motor gener- 
ator MG is charged in the t>attery assembly Bat by a 
regenerative operation of the inverter Inv. Also, the 
engine Eng generates power by driving a generator 
Gen, and charges the battery asserhbiy Bat via the 
charger Cha. The above-mentioned operations in the 
electric vehicle are controlled by a system-controtling 
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circuit SYC which, while using the battery assembly Bat 
the inverter Inv. and the charger Cha, transmits informa- 
tion along signal flows shown by dotted fines with 
arrows. In Fig. 6. fat fines with arrows Indicate energy 
flows, and the dotted fines with anrows indicate signal 
flows. 

[0009] Meanwhile, in other examples of an HEV sys- 
tem, an engine Eng is sometimes connected to a nrxTtor 
generator MG. and a generator Gen and a charger Cha 

are omitted. 

[001 0] Fig. 7 Is a simplified diagram showing an exanv 
ple of the composition of a battery system. The battery 
assembly Bat is composed of a pluraUty of battery mod- 
ules (hereafter, a battery nrnxjule is referred to as a 
module Md) serially connected to each other. Moreover, 
each module is also composed of a plurality of cells 
serially connected to each other. There are two meth- 
ods of charging the battery assembly Bat: a method of 
charging the battery assembly Bat with power gener- 
ated by the generator Gen installed in the HEV via the 
charger Cha. and a method of charging the battery 
assembly Bat with power generated by the motor gener- 
ator MG using the energy generated in a braking opera- 
tion. Moreover, it is also possible to charge the battery 
assembly Bat by using an AC power source via the 
charger Cha at a charging station. In the discharging 
operation of the battery assembly Bat the motor gener- 
ator MG is driven by the discharged energy via the 
inverter Inv, and it drives the wheels HL The above- 
mentioned operations are controlled by a system-con- 
trolling circuit SYC while using the battery assembly 
Bat. the inverter Inv, and the charger Cha. 
[001 1 ] Rg. 8 is a diagram showing an exanrple of the 
composition of a battery module used in the battery sys- 
tem. Each module is composed of eight cells B1 - B8 
serially connected to each other. Reference synrtiols 
Tr+ and Tr. indicate the positive and negative electrode 
terminals. Reference synibol CM indicates a module- 
controlling circuit, and includes the terminal voltage- 
detection unit SC, a microcomputer MG, a driver unit 
DIV, and semiconductor elemerrts. 
[0012] Fig. 1 shows the schematic composition of a 
battery system of an embodiment according to the 
present invention. Moreover, this figure shows the rela- 
tionship between the system control unit SYC and the 
battery assembly Bat composed of modules Mdl - Mdn. 
In this embodiment the module Mdl includes eight cells 
B1 - B8. Here, both terminals of a circuit composed of a 
resistor R and a semiconductor element Q serially con- 
nected to each other are connected to the positive and 
negative terminals of the cell B1 in paralid, and the 
same circuit is also connected to each of the rest of cells 
82 - B8. in parallel. The semiconductor elements Q1 - 
Q8 are driven by the driver DIV in response to an 
instruction sent from the microcomputer MC. Moreover, 
the F>ositrve and negative electrode terminals of each of 
the cells B1 - B8 are connected to the tenninal voltage- 
detection unit SC, and the terminal voltage of each cell 



is measured by the terminal voltage-detection unit SC. 
The value of the measured terminal voltage is sent to 
the microcomputer MC via a drive bus DS. Also, the 
microcomputer MC and the driver DIV are connected to 

5 each other via the drive bus DS. A display device IP is 
connected to the microcomputer MC, and displays nec- 
essary information - such that regarding as a anomaly 
state - according to an instruction sent from the miao- 
computer MC. As shown in Rg. 1, the modules Mdl - 

10 Mdn are serially connected, and the positive electrode 
terminal of the module Md1 and the negative electrode 
terminal of the nnodule Mdn are connected to the posi- 
tive and negative electrode terminals Tp and Tn of the 
t>attery assembly Bat, respectively. Moreover, the mod- 

15 ule Md1 is connected to the system control unit SYC via 
an isolation de/ice PC1. Also, the module Mdl is con- 
nected to the isolation device PCI via a bus SCD1. In 
the same manner, each of the modules Md2 - Mdn is 
connected to the system control unit SYC via each of 

20 isolation devices PC2 - PCn. The system control unit 
SYC is controlled by the microcomputer MC. and dis- 
plays necessary information - such that regarding as 
anomaly states - on a display panel SIP according to an 
instruction sent from the microcomputer MC. 

25 [0013] The reason why a piurafity of cells are inte- 
grated into a module, and a piurafity of modules are 
integrated into a battery assembly is that since the toler- 
ance level against over-charging or over-discharging is 
low in a lithium battery, and a misuse may lead to a fire 

30 or an explosion, the safety is improved by dividing cells 
into blocks or modules. In addition, it is also that since 
the terminal voltage of a lithium t>attery cell is as high as 
3 - 4V, if eight cells are serially connected into a module, 
the terminal voltage of the module is in a safe terminal 

35 voltage range of 24 - 32V. and the nKxJute can be easily 
operated. Furthermore, since the terminal voltage of 
each module is 24 - 32V or less, and circuit elements for 
the above terminal voltage range are sufficiently 
obtained, the system control unit SYC can be cheaply 

40 fabricated. Furthermore, since the total terminal voltage 
of the battery assembly Bat is more than 300V, it is nec- 
essary to isolate each module from the system control 
unit SYC by using each isolation device PC. 
[0014] Now, the operation of the module Mdl shown 

45 in Rg. 1 is explained below. The terminal voltage of 
each of cells B1 - B8 is read into the microcomputer MC 
in the module. The microcomputer MC monitors the ter- 
minal voltage of each of cells B1 - B8. In order to sup- 
press the charging variation, if it is detected that some 

50 one of the cells has a particularly high terminal voltage, 
the charging current flowing toward the cell is shunted 
to its cell by-pass circuit by turning on its ceH by-pass 
circuit composed of the resistor R and the semiconduc- 
tor element Q. Accordingly, since the charging current 

55 fbvknng into the cell becomes snnafier than that in the 
other cells, the terminal voltage of the cell gradually 
decreases almost to the terminal voltage level of the 
other cells. Furthermore, if the terminal voltage of the 
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cell becomes equal to the terminal voltage level of the 
other cells, the by-pass circuit is turned off. Thus, the 
charging variation among the celts in each module is 
suppressed in each module. 

[001 5] Next» if the charging variation the among mod- 
ules Md becomes large, the system control unit SYC 
determines which module has a higher terminal voltage 
and sends a control signal to each nxxlule based on 
information transmitted between the microconputer MC 
in each module and the microcomputer SMC in the sys- 
tem control unit SYC. For example, if the terminal volt- 
age value of the module Md1 is higher by a 
predetermined value than terminal voltage values of the 
other modules, the microcomputer SMC in the system 
control unit SYC sends a control signal to turn on all the 
ceil by-pass circiits in the module Md1 . Thus, since the 
charging cun-ent flowing in the module Md1 decreases 
to a level lower than that of the other modules, the terrru- 
nai voKage value of the module Mdl gradually 
decreases to a level almost equal to the terminal voltage 
values of the other modules. 

[0016] Fig. 2 shows the schematic composition of a 
battery system of another embodiment according to the 
present invention. 

A component with the same reference symbol as that 
shown in Fig. 1 performs the same operation as that of 
a component of the same reference symbol. The com- 
position shown in Fig. 2 is different from the composition 
shown in Fig. 1 in tfnat a module by-pass circuit is pro- 
vided for each module, and the isolation devices PC are 
installed inside the battery assembly Bat Using the 
mcxjule Md1 as an example, the module by>pass circuit 
is explained below. Each module tjy-pass circuit is com- 
posed of a pair of a resistor RiO and a semiconductor 
element QiO serially connected to each other, and is 
connected to both terminals of the module conrposed of 
cells B1 - B8 in parallel, which are serially connected to 
each other. Moreover, the module by-pass circuit is 
driven by a control signal sent from the microcomputer 
SMC (MC) via the drive circuit DIV.. According to the 
above composition. It is possible to cope with both the 
charging variation among cells in each module and the 
charging variation among modules. Also, although the 
isolation devices PC are installed outside the battery 
assembly Bat In the embodiment shown in Fig. 1. the 
isolation devices PC are installed inside the battery 
assembly Bat By using the composition shown in Fig. 
2. because it is adaptable to various types of composi- 
tion for the system control unit SYC, the battery assem- 
bly Bat can be used with greater flexibility. 
[001 7] Fig. 3 is the main flow chart of a software pro- 
gram executed in the embodiments according to the 
present invention. This flow chart shows the process of 
controlling the battery assembly Bat. which is executed 
by the system control unit SYC shown in Rg. 1 and Fig. 
2. When the process is started, the terminal voltage of 
each of the modules Mdl - Mdn is read in by the subrou- 
tine SUB1. Next, the possible occurrence of an anomaly 



6 

in the terminal voltage of each of the modules Mdl - 
Md2 is checked for. and if an anonnaly is detected, the 
processing of a countermeasure to the anomaly is car- 
ried out, and this processing is finished. Conversely, if 

5 no anomaly is detected, the terminal voltage values of 
the modules Mdl - Mdn are compared with each other, 
and the module by-pass circuit is tumed on or off based 
on the result of the conrparison among the terminal volt- 
age values. The above process will be explained in 

w more detail with reference to Rg. 4 and Rg. 5. 

[001 8] Fig. 4 is a flow chart of the subroutine SUB1 . 
The subroutine SUB1 executes the process of reading 
in the terminal voltage values. Firstly, the number n of 
the modules is set. and the number 1 is further set to the 

75 module number k Moreover, the system control unit 
SYC sets the required terminal voltage value Vm1 to the 
nrxxSule Md1. After setting the required terminal votteige 
value Vml. the microcomputer MC in the module Mdl 
shown In Rg. 1 sends the measured terminal voltage of 

20 each of cells B1 - B8 or the present terminal voltage 
Vm1 obtained based on the measured terminal voltage 
of each of cells B1 - B8 to the system control unit SYC. 
Next, it is determined whether or not the module 
number k reaches the number n of the modules, and if k 

25 is less than n, the process returns to the step following 
the first step of setting the nunrt>er n of the modules. 
Successively, the terminal voltage Vm2 of the module 
Md2 is read in. The above-mentioned steps are 
repeated, and if the terminal voltage values of all the n 

30 modules are read in. the si^routine SUB1 ends, and 
the process returns to the main routine shown in Rg. 3. 
[001 9] Rg. 5 Is a flow chart of the subroutine SUB2. 
The subroutine SUB2 executes the processing of a 
countermeasure to an anomalous terminal voltage. 

35 comparing the terrrunal voltage values among the mod- 
ules, and turrring on or off each module by-pass circuit. 
First, the number n of the modules, the reference value 
Vim for determining an anomalous terminal voltage, and 
the reference value Vu for turning on each module by- 

40 pass circuit are set. and the module number k is further 
set to the number 1. Next, the terminal voltage Vml of 
the module Mdl is compared with the reference value 
Vim for determining an anomalous terminal voltage, and 
if the terminal voltage Vml of the module Mdl is higher 

45 than the reference value Vim for determining an anom- 
alous terminal voltage, an alarm is generated, an anom- 
alous state is displayed on the display unit SIP, and a 
countermeasure to the anomaly, such as stopping the 
operation of the system, is performed. Moreover, the 

50 anomalous state is also displayed on the display device 
IP of the module Mdl . If the terminal voltage Vml of the 
module Mdl is not higher than the reference value Vim 
for determining an anomalous ternriinal voltage, the 
average value Va of the terminal voltage values of the n 

55 modules is obtained, and the difference between the 
terminal voltage Vml of the module Md1 and the aver- 
age value Va is also obtained. Furthermore, it is deter- 
mined whether or not this difference exceeds the 
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reference value \Ai for turning on each module by-pass 
circuit and if it exceeds the reference value Vu for turn- 
ing on each module byisass circuit, the module by-pass 
circuit for the module Mdl is turned on. Otherwise, the 
module by-pass circuit for the module 1 is turried off. 
Aftenvard, it Is determined whether or not the module 
number k has reached the number n of the modules, 
and if the nxxiule number k is less than n, the step of k 
= k + 1 is executed, and the process returns to the step 
following the first step of setting the number n of the 
modules. The above-mentioned steps are then succes- 
sively repeated for the terminal voltage Vm2 of the nod- 
ule Md2. Furthermore, the above steps are also 
repeated for each of the remaining modules, and if the 
processing of all the n modules in subroutine SUB2 are 
finished, the subroutine SUB2 ends, and the process 
returns to the main routine shown in Fig. 3. In this 
embodiment, although the module by-pass circuit for 
the module is turned on when the difference between 
the terminal voltage Vm of each module and the aver- 
age voltage value Va exceeds the reference value Vu for 
turning on each module by-pass circuit, it is also possi- 
ble to turn on a nrKXiule by-pass circuit of each module 
when the difference between the terminal voltage Vm of 
each module and the lowest terminal voltage among the 
terminal voltage values of all the modules exceeds a ref- 
erence value. As mentioned above, it is a main feature 
of the preserrt invention that each nxxiule includes a 
module-controlling circuit for controlling cells in the 
module, which is controlled tTy at least one microcom- 
puter and receives power from the module itself; and the 
control function for each module is performed by a sys- 
tem-controlling circuit connected to each module-con- 
trolling circuit via an electrical isolation device, based on 
information bilaterally transmitted between the system- 
controlling circuit and each mbdule-controllihg circuit. 
[0020] As mentioned above, in" accordance with ttie 
present invention, because information is transmitted 
between each module control unit and the system con- 
trol unit via the isolation device, the charging variation 
among the modules is suppressed by controlling the 
module by-pass circuit provided in each module via 
each module control unit. More concretely speaking, by 
connecting each module control unit and the system 
control unit with the bilateral transmission means and by 
exchanging information between each module control 
unit and the system control unit, tiie charging variation 
among the modules is thereby sippressed. Thus, the 
present invention Is specially effective for: (1) achieving 
the full capacity of a battery system. fc>ecause the charg- 
ing variation among modules can be reduced; (2) 
improving the lifetime and the reliability of each module, 
because the charging variation among modules can be 
reduced: (3) improving the economic effidency. 
because the deterioration over the lifetime of each mod- 
ule can be alleviated; and (4) achieving a simple control 
of a battery system, because the cell control in each 
module can be separated from the control of the total 



battery system. Finally, the present invention is also 
applicable to other systems that indude batteries, such 
as a power storage system, in addition to an electric 
vehide. 

5 

Claims 

1 . A battery system induding a battery assembly (Bat) 
tiiat indudes a plurality of modules (Md) connected 

10 to each other serially and/or in parallel, for driving 
electrical loads (MG) by performing a charging or 
discharging operation, and which is controlled by a 
systenvcontrolling drcuit (DIV, MC, SYC), each of 
said plurality of modules (Md) including a plurality of 

IS battery cells (B) serially connected to each other, 
said battery system comprising: 

measuring means (SC) for measuring tiie ter- 
minal voltage of each module; and 

20 a module by-pass circuit (R, Q) connected to 

each module in parallel, which is for by-passing 
a part of the charging current for said module; 
wherein said module by-pass circuit (R, Q) is 
controlled by a control signal sent from said 

25 system-controlling circuit (DIV, MC, SYC). 

2. A t>attery system according to claim 1 . comprising: 

a module-controlling circuit (MC) for controlling 
30 said charging or discharging operation of each 

module (Md). 

3. A battery system induding a battery assenrirfy (Bat) 
that indudes a plurality of modules (Md) connected 

35 to each other serially and/or in parallel, for driving 
electrical loads (GM) by performing a charging or 
discharging operations, and which is controlled by a 
systenvcontrolling circuit (SYC), each of said plu- 
rality of modules (Md) including a plurality of battery 

40 cells (B) serially connected to each other, said bat- 
tery system comprising: 

a module-controlling circuit (MC) for controlling 
said battery cells (B) in each module, with said 
45 module-controlling drcuit (MC) including at 

least one microcomputer and receiving power 
from said module; 

wherein bilateral ti-ansmission (SCD) between 
each controlling module (MC) and said system- 
50 controlling circuit is performed via an electrical 

isdation device (PC). 

4. A battery system according to claim 1 , wherein said 
systenvcontrolling drcuit (SYC) indudes at least 

55 one microcomputer (SMC), and transmission 
between said systenvcontrolling drcuit (SYC) and 
each module (Md) is performed via a serial trans- 
mission port of said microcomputer In said nxxjule. 
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5. A battery system according to datm 3. comprising: 

a module by-pass circuit (B, Q) wtiich is con- 
nected to each module (Md). controlled by a 
control signal sent from said system control cir- s 
cuit (SYG). and used for suppressing the 
charging variation among said plurality of mod- 
ules (Md). 

6. A battery system according to daim 5» wherein by- io 
pass circuits (R, Q) which are provided in each 
module, are controlled by a control signal sent from 
said system control circuit (SYC), used for sup- 
pressing the charging variation among said plurality 

of battery cdls (B) in said module (Md). and are is 
also used for suppressing the charging variation 
among said plurality of modules (Md). 

7. An electric vehide (Car) using a battery system 
according to daim 3 or 5. 20 
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FIG.4 
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FIG.5 
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